10 months, p = 0.028, and 16.0 vs. 12.0 months, p = 0.036, respectively) in the univariate analyses. Even in the multivariate analysis, preradiation chemotherapy using ACNU-CDDP had a significant effect on survival prolongation (HR = 0.628, p = 0.042). The usage of temozolomide for adjuvant or salvage therapy also had an independent and significantly positive effect on survival (HR = 0.511, p = 0.006). Grade 3 and 4 hematologic toxicities occurred in 28 (32.1%) patients in the ACNU-CDDP group, but there were no treatment-related deaths. Conclusion: Preradiation chemotherapy with ACNU-CDDP as an initial therapy for patients with newly diagnosed glioblastoma is feasible and should be assessed in a randomized phase III study.
newly diagnosed glioblastoma is 14.6 months and the 2-year survival rate is 26.5%, despite advances in surgery, radiation therapy and chemotherapy [3, 4] . The role of chemotherapy in addition to radiation therapy in the treatment of malignant gliomas is less well defined [5] . However, the management of malignant glioma is entering a new era of hope thanks to the development of many novel chemotherapeutic agents and various multidisciplinary application protocols.
Since their introduction in the early 1970s, nitrosoureas have been used as a mainstay agent for the adjuvant treatment of malignant gliomas, and a large number of clinical trials have evaluated their role in glioblastoma and other malignant gliomas [6, 7] . Because of differences in their availability, ACNU (nimustine) has been used as a core agent for glioblastoma treatment in Korea and Japan, while BCNU (carmustine) or CCNU (lomustine) have been widely used in Western countries [8] . Several studies have demonstrated that the usage of nitrosourea as an adjuvant therapy to surgery and/or radiation leads to increased survival in patients with glioma [6, 7, 9, 10] .
We previously reported the effectiveness and feasibility of preradiation chemotherapy with ACNU-CDDP in glioblastoma in the setting of a single-arm phase II clinical trial [7] . Based on this evidence, we have been managing newly diagnosed glioblastoma patients with preradiation chemotherapy with ACNU-CDDP in principle. Patients who were not in a condition to proceed with preradiation chemotherapy were treated with radiation therapy alone after surgery. Under these circumstances, we performed this retrospective study to evaluate the overall treatment outcome and efficacy of preradiation chemotherapy with ACNU-CDDP for patients with newly diagnosed glioblastoma.
Patients and Methods
Between January 2000 and December 2004, a total of 151 patients were confirmed to have newly diagnosed glioblastoma after histological evaluation at Seoul National University Hospital. All patient data were based on information contained in hospital charts and radiological studies and were collected in accordance with the case record form approved by the institutional review board. Clinical data, such as age, performance status [Karnofsky performance status (KPS) scales], survival, radiological characteristics, treatment modality and toxicity profiles were collected. Any data that were missing from the medical records because of incomplete follow-up were obtained through a telephone interview with the patient or, if the patient was deceased, with his/her relatives, after obtaining their permission.
Eighty-nine (58.9%) of the patients were male and 62 (41.1%) of the patients were female. The mean age of the patients was 53 years (range 18-79). All patients underwent surgical resection or biopsy, and the diagnosis of glioblastoma was confirmed histologically in every case by neuropathologists based on the WHO criteria [11] . The extent of resection was classified as complete resection, incomplete resection or biopsy according to the evidence of residual enhancing lesions in magnetic resonance (MR) images performed within 48 h after surgery. There was no surgical mortality.
The details of the initial and subsequent adjuvant therapies after surgery are summarized in table 1 . In principle, the treatment protocol for newly diagnosed glioblastoma patients in our institute during the aforementioned period conformed to that described in the previous report [7] . The preradiation chemotherapy with ACNU (40 mg/m 2 /day) and CDDP (40 mg/m 2 /day) by continuous intravenous infusion for 72 h was initiated at 2-3 weeks after surgery and was repeated after 6 weeks. A total of 2 cycles were administered unless the patient showed progressive disease, unacceptable toxicity or refused to undergo further treatment. Neurological examinations and MR imaging were performed before the second treatment cycle. Patients who showed radiological responses or were in a stable state without neurological deterioration were eligible for a second cycle of chemotherapy, while patients with tumor progression were referred for radiation therapy. In addition to tumor response, the treatment schedule was readjusted according to bone marrow function, renal function and hepatic function, as described previously [7] . Radiation therapy was initiated 6 weeks after the last cycle of chemotherapy with a total dose of 60 and 1.8 Gy per fraction with 5 fractions per week. The target volume included the postchemotherapy tumor volume and surrounding edema with a margin of 3 cm, as defined by contrast enhanced MR images performed 6 weeks after the last cycle of chemotherapy. A total of 87 (57.6%) patients were enrolled in this protocol (ACNU-CDDP group). The patients usually proceeded straight to radiation therapy if they were not eligible to undergo chemotherapy due to age older than 70 years and/or poor performance status or if there was any other reason to abandon chemotherapy. A total of 31 (20.5%) patients underwent radiation therapy after surgery without preradiation chemotherapy (RT group). The reasons for radiation therapy were as follows: poor functional status (12 patients), transfer to another hospital and/or old age (6 patients), patient or caregiver's choice (5 patients), other medical problems (4 patients), severe postoperative psychotic problems (3 patients) and pregnancy (1 patient). After radiation therapy, the patients were followed regularly with repeating MR images every 3 months unless they showed signs of deterioration. If the patient showed signs of disease progression other optional treatments, such as reoperation or temozolomide chemotherapy, were given.
Twenty-six of the remaining 33 (21.9%) patients refused further treatment, and 7 patients were treated with other regimens, such as PCV (procarbazine, lomustine, vincristine) chemotherapy, intracystic bleomycin injection and radiosurgery because they had already received radiation therapy or were transferred to another hospital that had different treatment protocols.
The overall survival and treatment-related toxicities were analyzed. Overall survival was defined as the time interval between the operation date and the date of death or the most recent evaluation. Toxicities were assessed using WHO common toxicity criteria version 3.0. The Kaplan-Meier method was used to estimate the overall survival distributions. The log-rank test (level of significance ␣ = 0.05) was used to test for differences in overall survival distributions with respect to the extent of resection and the initial adjuvant treatment modalities. We also performed statistical analyses for the subgroup of 118 patients comprising the ACNU-CDDP group and RT group in order to identify the efficacy of the treatment modality, with adjustment for possible confounding variables. The Cox proportional hazards model (level of significance ␣ = 0.05) was used to adjust for covariates. Confounding variables, such as the extent of resection, age, tumor location, functional status, and usage of temozolomide, were considered. A t test (level of significance ␣ = 0.05) was performed to compare the means between the 2 groups. All statistical analyses were performed using SPSS v.12.0 (SPSS Inc., Chicago, Ill., USA).
Results

General Information
Nine of the 151 patients had a history of grade 2 or 3 glioma diagnosed according to the WHO criteria [11] and 1 patient was diagnosed with radiation-induced glioblastoma after radiation therapy for medulloblastoma. The most frequent area of tumor location was the frontal lobe (32.5%) followed by the temporal lobe (29.8%), basal ganglia (15.9%), multilobe involvement (9.3%), parietal lobe (8.6%), infratentorial area (3.3%) and occipital lobe (0.6%). The typical radiological characteristics of gadolinium enhancement with or without necrosis were shown in 145 (96.0%) patients, while 5 (3.3%) patients did not show any enhancement. One patient (0.6%) presented primarily with intracerebral hemorrhage. Based on the radiological findings after surgery, 38 (25.2%) patients had complete resection, 73 (48.3%) patients had incomplete resection, and 40 (26.5%) patients had only biopsy.
The characteristics of the 118 patients in the ACNU-CDDP group and RT group are summarized in table 2 . There were significant differences in the distribution of the mean age and mean functional status score between the 2 groups (p ! 0.001 in both). However, the distribution of the extent of resection and the usage of temozolomide for adjuvant treatment or for recurrent disease were comparable between the 2 groups. Sixteen of the 27 patients who were treated with temozolomide received the treatment as an adjuvant to radiation therapy with or without preradiation chemotherapy, and 11 of these patients were treated with temozolomide as salvage therapy after recurrence at various time intervals after radiation therapy. In the ACNU-CDDP group, 8 (9.2%) patients (complete resection in 3 and incomplete resection in 5) underwent repeat surgical resection of recurrent or progressed tumor, and 1 (3.2%) patient with incomplete sur- gical resection after initial surgery experienced reoperation in the RT group during the follow-up period after the initial management.
Overall Survival
As of the cutoff date (April 10, 2007), 135 (89.4%) of the patients who were included in this series had died, 15 (9.9%) were alive and 1 (0.6%) was lost to follow-up. The median survival time was 13.0 months (95% CI 11.29-14.71), and the overall survival rate was 54.0% at 1 year, 21.3% at 2 years and 13.7% at 3 years ( fig. 1 a) . The extent of resection had an influence on patient survival, regardless of whether or not the treatment was applied after surgery. The median survival time was 15.0 months (95% CI 12.99-17.01) in the complete resection group, 13.0 months (95% CI 10.72-15.28) in the incomplete resection group and 10.0 months (95% CI 6.97-13.03) in the biopsy group ( fig. 1 b) . There was a significant difference in survival time between the complete resection group and biopsy group (p = 0.028); however, there were no differences in survival time between the complete and incomplete resection groups (p = 0.281). There was a difference in survival time between the incomplete resection group and biopsy group, but this difference was not statistically significant (p = 0.061).
The Efficacy of Preradiation Chemotherapy with ACNU-CDDP
The result of the prognostic value of variables related to survival in the 118 patients comprising the ACNU-CDDP group and RT group are shown in table 3 . In the univariate analyses of the 118 patients in the ACNU-CDDP and RT groups, the usage of temozolomide and preradiation chemotherapy using ACNU-CDDP showed a significant survival benefit (p = 0.024 and p = 0.043, respectively). However, age, extent of resection, central tumor location and KPS 6 70 were not associated with overall survival. In the multivariate analysis, the usage of temozolomide, KPS 6 70 and preradiation chemotherapy were independently associated with overall survival (p = 0.006, p = 0.025 and p = 0.042, respectively).
The median survival time was 16.0 months (95% CI 13.52-18.48) in the ACNU-CDDP group and 12.0 months (95% CI 8.36-15.64) in the RT group (p = 0.036; fig. 2 a) . The survival rate was 68.6% at 1 year and 24.4% at 2 years in the ACNU-CDDP group, and 48.4% at 1 year and 15.3% at 2 years in the RT group. This difference in overall survival between the ACNU-CDDP group and RT group remained significant, even after taking the major confounding variables of age, functional status and temozolomide usage into consideration ( fig. 2 b) . Moreover, there were 19 (12.6%) patients who lived for more than 3 years, and the majority of them were from the ACNU-CDDP group ( table 4 ) .
Treatment-Related Toxicity
The details of the significant treatment-related toxicities observed in the ACNU-CDDP group and RT group are summarized in table 5 . A total of 46 (52.9%) patients experienced hematologic toxicities during treatment in the ACNU-CDDP group. Grade 3 and 4 hematologic toxicities occurred in 18 (20.7%) and 8 (9.2%) patients during the chemotherapy phase, respectively, and during the radiation therapy phase in 1 patient (1.1%). On the other hand, only 4 (12.9%) patients in the RT group experienced hematologic toxicities and 2 of them were grade 3 and 4 toxicities.
As for the nonhematologic toxicities, 33 (37.9%) patients in the ACNU-CDDP group experienced dyspepsia, anorexia, nausea, vomiting, diarrhea, constipation, dysuria, alopecia and other infections. Twenty-three (25.3%) of these infections were of grade 3 or 4. In the RT group, 13 (41.9%) patients experienced nonhematologic toxicities such as anorexia, nausea, vomiting, myalgia, dyspepsia, alopecia and hepatotoxicity, but only 4 (12.9%) of them were grade 3.
Discussion
Over the past 4 decades, various strategies of clinical trials with various agents have been attempted in an effort to overcome the poor responses to chemotherapy for glioblastoma. The idea of combining the continuous infusion of a lipid-soluble drug with a water-soluble agent for malignant glioma was developed as a potential strategy [7, 10, 12, 13] . This tactic is based on the observation that even hydrophilic agents can cross the blood-brain barrier (BBB) when a sustained blood level is continuously maintained [14] , and the anticancer effect is even The number of cycles of each treatment are shown in parentheses. RT = Radiation therapy; TMZ = temozolomide; GKS = gamma knife surgery; PCV = procarbazine, lomustine and vincristine; reop. = reoperation.
better if it is combined with a lipophilic agent [13] . Treatment with nitrosourea (lipophilic) and cisplatin (hydrophilic) is an example of this type of combination therapy. Moreover, there is no known cross-resistance between nitrosourea and cisplatin [15] . Grossman et al. [13] reported the promising result of a 95% tumor control rate in 52 patients with high-grade astrocytoma after 72 h of continuous intravenous infusion of BCNU and cisplatin prior to radiation therapy, and similar results were reported by Gilbert et al. [16] . Because of its availability and comparable effect to BCNU in the treatment of high-grade glioma reported in Japanese studies [8, [17] [18] [19] , we used ACNU instead of BCNU in combination with cisplatin. Though ACNU was developed as a hydrophilic nitrosourea for the purpose of reducing the delayed myelosuppression of nitrosoureas, it can pass through the BBB at a rate of up to 30% [10, 20, 21] , and it was better tolerated than BCNU [22] . In previous reports the response rates to combination chemotherapy with ACNU-CDDP have ranged from 41 to 59% [7, 10, 17] and they seem to be better than those of BCNU-CDDP chemotherapy, which range from 23 to 42% [13, 16, 23] . In addition, the treatment-related toxicities of the ACNU-CDDP regimen, especially the myelosuppression, seem to be better tolerated than those of BCNU-CDDP chemotherapy [7, 10, 13, 16, 17] .
The poor response of glial tumors to chemotherapy might be due to the poor delivery of chemotherapeutic agents to the tumor, which might be more aggravated after radiation because of radiation-induced damage to the vascular supply to the tumor or hypoxia. This may decrease the cytotoxic effects of chemotherapy on dormant or injured tumor cells during the immediate period after radiation therapy [24, 25] . In addition, radiation-induced changes to the integrity of the BBB make it difficult to evaluate the efficacy of the chemotherapy given during or shortly after radiation therapy [7] . Pre-radiation chemotherapy has a beneficial rationale in that the enhanced delivery of a chemotherapeutic agent by these methods bypasses the aforementioned obstacles. However, when planning a treatment protocol for patients with newly diagnosed glioblastoma one should also remember that a delay in receiving radiotherapy after surgery is associated with reduced survival [26] . The authors have reported the promising result of preradiation chemotherapy with ACNU-CDDP in 30 patients with newly diagnosed glioblastoma, with a median overall survival of 14.9 months and a 41% tumor response, with tolerable toxicity [7] . As expected, the present study showed favorable results as the overall survival was 16.0 months and the survival rates at 1 and 2 years were 68.6 and 24.4%, respectively, in the patients treated with preradiation chemotherapy using ACNU-CDDP. Though there might be a bias in patient selection for preradiation chemotherapy, such as the younger mean age and the better functional status, the difference in the median survival time between the ACNU-CDDP and RT groups (16.0 and 12.0 months, respectively) was identified as significant in the mulitivariate analysis after correcting for the possible selection bias. We performed the multivariate analysis to avoid the difficulties of the univariate analyses such as the Kaplan-Meier method, the log rank test and a t test in comparing the variables between the groups that are not randomized, but there might still be a bias caused by the intention of the medical staff who decided the treatment modality. Considering that the calculated benefit of the preradiation chemotherapy with ACNU-CDDP had a relatively high p value (0.043), this regimen seems to be feasible and is probably not inferior to other published regimens.
Among 87 patients of the ACNU-CDDP group, 31 (35.6%) had received only 1 cycle of chemotherapy (1-cycle group) because of tumor progression (n = 13), adverse effect (n = 12) and so on. The median survival time was 12 (95% CI 8.36-15.64), 12 (95% CI 9.85-14.15) and 18 (95% CI 13.81-22.19) months in the RT group, the 1-cycle group, and the 2-cycle-or-more group, respectively. There were no obvious reasons for the lack of difference in survival time between the RT group and the 1-cycle group and for the difference in survival time between the 2-cycle-or-more group and the other groups. However, there seemed to be confounding variables such as the mean age (59 years for the RT group, 52 years for the 1-cycle-group and 46 years for the 2-cycle-or-more group) and the mean KPS (73.2 for the RT group, 84.2 for the 1-cycle-group and 85.7 for the 2-cycle-or-more group). One of the possible reasons is that there might be a subclass of glioblastoma which is resistant to a chemotherapy regimen using nitrosourea and cisplatin. However, more sophisticated studies may be necessary in order to confirm this hypothesis and our results. Furthermore, it is interesting to note that although we did not perform any further analyses, there were 19 (12.6% of a total of 151) patients with a survival time longer than 3 years. This seems to be one of the highest rates among those reported in the previous studies (range 1 to 17%) [27] [28] [29] [30] [31] . The majority of the longterm survivors (more than 3 years) in the present cohort underwent preradiation chemotherapy, which might reflect the efficacy of preradiation chemotherapy with ACNU plus cisplatin on the prolongation of the survival of patients with glioblastoma. However, it is also true that the majority of the long-term survivors were younger (median age 38 years) than the others, and they have a relatively good surgical result (47% of complete resection) and a high percentage (31%) of patients treated with temozolomide. Thus, these factors might affect the survival outcome as a confounding variable, and further studies are mandatory to identify the prognostic factors and the molecular or genetic characteristics of the tumor related with long-term survival.
One of the problems associated with the usage of ACNU-CDDP is the relatively high incidence of hematological toxicity. Hematological toxicities of grade 3 and 4 were observed in 29.9% of the 87 patients who received preradiation chemotherapy after surgery, which is similar to the incidence reported in a previous study [7] . However, these toxicities were tolerable and reversible, as mentioned above. These hematological toxicities are wellknown complications of chemotherapy using nitrosourea as a core agent, and they are also known to be well-tolerated by the majority of patients [7, 10, 13, 16] . Thus, the relatively high incidence of hematological toxicities in this study seems to be a controllable problem in the management of glioblastoma patients. Nonetheless, one should also remember that the relatively young mean age of 45 years and good performance status of the ACNU-CDDP group in the present study is one of the possible reasons for tolerance of frequent hematological toxicities.
One of the most notable findings of the present study is that the usage of temozolomide had a significant effect on survival, although temozolomide had been used as an adjuvant or salvage therapy after recurrence at various time intervals following radiation therapy. The use of temozolomide might work as a confounder variable in the survival analysis of this study; however, its confounding effect may be minimal in analyzing the difference in survival between the patients in the ACNU-CDDP group and those in the RT group as the distribution of patients who were treated with temozolomide was minor in the present study. The use of temozolomide with radiation therapy has recently become a stan-dard treatment for patients with glioblastoma, although its effect still falls short of our expectations [32, 33] . Nonetheless, its easy application and low toxicity make it a good candidate for combination therapy with other agents. The evaluation of the additive effect of ACNU-CDDP, radiation therapy and temozolomide will be another interesting study to perform. Based on the results of the present study, a randomized prospective phase III study is currently underway in an effort to acquire solid evidence of the benefit of preradiation chemotherapy with ACNU-CDDP and to evaluate the additive effect of temozolomide in patients with newly diagnosed glioblastoma.
Conclusion
Preradiation chemotherapy with ACNU-CDDP as an initial management is feasible for patients with newly diagnosed glioblastoma and treatment-related toxicities also seem to be tolerable. Further large-scale randomized prospective studies will provide conclusive evidence of its beneficial role in the treatment of glioblastoma.
